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Abstract-The formation of the Public-Private Partnership (PPP)
contracts is based on the grounds that the construction, progress,
operation, and investment of a project must be allocated to a
private organization under a contract. The risks associated with
PPP projects are usually associated with resource improvement
and development as well as the long-term operation of the
project. It is known that cost and time overruns are among the
obvious risks faced by a project during the development phase.
Cost and time overruns are major sources of monetary risk. The
risk and its impact may vary at different phases during the life
cycle of a PPP project. In traditional procurement, all of the
monetary risks are covered by the public sector. Most of the
projects delivered under traditional procurement involve a price
confirmation to indicate standard cost risks. This paper aims to
investigate the impact of endogenous factors on budget overrun
in PPP projects in Saudi Arabia. The paper briefly illustrates the
content regarding the PPP risk evaluating systems and explains
the association between risk occurrences and cost overrun in the
Kingdom of Saudi Arabia (KSA). The paper concludes with
recommendations for future research.

Keywords-Public Private Partnership (PPP); risk; risk pricing;
System Dynamics (SD)

1. INTRODUCTION

Developing countries usually prioritize investing in
construction development. Mega construction projects need
huge financial and human resources. Building complex
engineering projects requires a prominent level of expertise,
and well-managed teams with sufficient monetary resources,
which are often beyond the capability of a single contractor [1].
The public and the private sector are concerned about the
pricing risks associated with PPP projects. Many projects
depicted cost and time overruns and project failure leading to
unexpected results. Risk management's cost may affect risk
allocation. The main challenges faced by organization
managers involve dealing with the uncertainty and the intricacy
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of PPP projects and inaccurate cost incorporation during the
decision-making phase. Only a few organizations incorporate
the risk probability in their strategy [2]. The shortcomings of
the management in terms of their processes and functionality
are evident from the complexity associated with projects which
indicate the failure of managers to handle the vital
characteristics of major projects. The understanding of
managers concerning the emergent characteristics is
determined by their perceptions leading to loss of insight [3].

Cost overrun usually results from inappropriate
management of risks and may be prevented if each party to the
contract displays proper understanding of risk responsibilities,
conditions of risk, risk preferences, and risk management
expertise. The party that displays the best potential and
expertise of risk management must be allocated with the
management responsibility [4, 5]. As per [6], this allocation of
risk to the competent party is imperative for the execution of
construction projects within the specified cost where the owner
is responsible for the quality, progress, and the costs of the
project [7]. All the risks are not allocated to the contractor in
case of traditional procurement. Conversely, PPP projects are
known to exhibit more certainty in terms of cost and time.
However, it is not necessary to allocate all risks to the private
sector in order to accomplish value for money, the risks are
rather allocated to the party that is most efficient in risk
management [8]. The involvement of the private sector in
public sector projects has been done in the past, however, the
scope and extent of the concept witnessed drastic development
and progress in the past three decades. The private-public
cooperation existed in various forms in various parts of the
world depending upon the regions’ law systems and economic
conditions. However, the main motive behind the cooperation
of private and public sectors was the allocation of long-term
public project risks to the private sector which is usually more
capable of handling these risks. The interconnection between
the value for money and risk allocation is one of the most
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significant features of PPP projects [9]. The risk allocation
determines the real worth of PPPs whereas the prices used for
compensating the contract costs are too high in project life
cycle techniques [10]. The precise measurement and
assessment of risk cost require a reasonable level of expertise
and competency on the part of the risk analyst. In the case of
the absence of comprehension and information regarding the
consequences of unexpected events and the magnitude of these
consequences, analysts require theoretical models to predict the
outcome prices in case of unexpected events. Therefore, the
risk analyst must have a comprehension of the appropriate
methods for obtaining precise information to enable them to
allocate risk in an appropriate manner and make the project
successful [11]. The concept of project risk analysis exists for
years, however, concerning the construction sector, the theory
of risk pricing under uncertainty is not yet fully developed. The
significance of this concept is evident from the fact that data
obtained from qualitative and quantitative studies serve as the
basis of a majority of risk pricing decisions in PPP projects
[12]. Not much verification was found in support of the
government’s claim that the allocation of risk is the cause of
additional PPP cost [13]. Practically, there is no research on
investigating the association between risk allocation and
construction cost. This study fills this gap and investigates the
association between risk allocation and risk cost involved in a
PPP project executed in KSA.

II.  RESEARCH METHODOLOGY

Various phases are involved in the research method as
shown in Figure 1. The first phase presents the literature
reviews of the concept in order to comprehend the risk factors
that are likely to have an impact on the construction cost unit
associated with a PPP project. This technique corresponds to
the existing research regarding this concept. Consequently, a
list of risk factors has been generated and more risk factors
were incorporated into the existing list. This was followed by
the recognition of suitable risk descriptions based on project
management viewpoints regarding the PPP projects. A survey
questionnaire was distributed among PPP experts to obtain
their views regarding the detection of risks, assessment of risk
impact, and risk pricing associated with PPP projects. The
experts participating in the survey were requested to suggest
the most appropriate risk allocation for the risk factors based on
the extent of risk cost. The data obtained from the answered
questionnaires were analyzed and converted into Microsoft
Excel and Statistical Package for Social Science (SPSS) format
to obtain numerical data for the research. Experimental analysis
was conducted to determine the grading of the extent of the
impact of the risk associated with PPP projects on risk cost by
survey respondents. The outcomes obtained from the analysis
were stated in terms of risk occurrence. The impact of risk is
estimated by making use of the data regarding the probability
of risk occurrence and the intensity of its impact [2]. In other
words, if the probability of risk occurrence is represented by P
and the intensity of the impact of this risk on the project is
represented by [ [4], then the expected risk effect value or EV
would be given as follows:

EV=PI (1)

Knowledge Acquisition
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Fig. 1. Research methodology.

The anticipated impacts of risks were represented in a 1 to
25 scale. The data collection is stabilized between 0 and 1. This
was followed by the development of multiple regression
equations based on these values.

III.  ENDOGENOUS RISK FACTORS

Even though the field of risk management aims to the
mitigation of risk impact in construction projects, there is still a
need of a systematic approach in the modeling of the impact of
the risk factors into the construction cost. Moreover, this needs
to be expanded in the modeling of the interactions and the
interdependency of the endogenous risk factors into the
construction cost of certain types of projects such as PPP
projects, which are tackled in this research paper. The risk
factors of PPP projects have been investigated in [14-16],
especially the factors that are influencing cost overrun, project
termination, and time delay. These three factors are the drivers
of increased cost in construction projects. As described above,
a questionnaire survey was conducted to provide a general
review of the current pricing risk practice in KSA. The main
aim of this survey was to investigate the impact of risk on cost
unit and the best risk allocation in PPP projects. The impact of
risk factors will be assessed based on the respondent
perspectives and experience. Descriptive analysis for
endogenous risk category is mapped into 4 sub-categories:
project selection risks, project finance risks, construction risks,
and related risks. Every sub-category consists of some factors,
the top-ranked factors are chosen to be studied in the present
research, which include: public resistance towards projects,
uncompetitive tender, financial resources, elevated financial
cost, elevated bidding cost, impediment in allowance payment,
impediment in financial closure, construction time impediment,

intricacy of design & construction, flaws in design,
construction technology risks, quality risks, inadequate
dedication from the public/private sector, inadequate

distribution of accountability and risk, inconsistency between
project parties, and strikes. On the other hand, low ranked
factors such as: level of demand for the project, land
acquisition, competition risk, inaccurate estimates, financial
attraction of project to investors, lack of creditworthiness,
inability to service debt, lack of government guarantees,
material availability, labor availability, poor quality of
workmanship, the default of sub-contractors or suppliers,
contractual risk, contractor failure, different working methods
between partners, inadequate experience in PPP, organization
and coordination risks, inadequate negotiation period before
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initiation, and cultural differences between main stakeholders,
were neglected.

IV. MODELING ENDOGENOUS RISKS IMPACT

The efficiency of construction, management and
engineering projects can be assessed with the help of regression
modeling [17, 18]. The basic principle behind the regression
modeling technique is that the dependent variable Y is changed
as a result of the change in the independent variable X. Multiple
regression models were used for the forecast of the dependent
variable (construction cost overrun) and the independent
variables (endogenous risk factors associated with the
construction cost overrun):

Y=8, +XoRr:ifite (2)

In (2), Y represents the value of a dependent variable, S,
represents the constant or regression coefficient, Rp; represents
the value of independent variables, and ¢;represents a constant
term or noise.

Various combinations of independent variables (the
endogenous risk factors associated with the construction cost
overrun) were analyzed. The multi-linear models aim to
allocate the extent of risk cost by outlining risk into the
alternating variable. The model explained the association
between various risk factors. The regression models help
experts in conducting risk price analysis using theoretical
methods. This implies that every independent variable will be
considered as a theoretical variable integrated with a
probability distribution practically obtained from the study
data. In order to practically outline the risk impact of
independent variables, the multiple regression equation was
devised as:

Yendogenous = a+ RpygBas + RD2oBao + Rp33fss +
Rp3sPBss + Rp3ePze + RP37B37 + RPaoBao + RPasPas +
RpsoPBso + RPsiPs1 + Rps3Pss + RpsePse + RPsofse +
Rpe1Bs1 + Rpe3fes + RDeaflos + @ (3)

In the above equation, a represents the constant or
regression coefficient and a represents the constant term or
noise, Y represents the endogenous risk impact, and Rp
represents the factors shown in Table 1.

TABLE L. ENDOGENOUS RISK FACTORS MODEL
Factor Endogenous risk factor
Rp:s Public resistance towards projects
Rp3y Uncompetitive tender
Rps; Financial resources
Rpss Elevated financial cost
Rpss Elevated bidding costs
Rps; Impediment in allowance payment
Rpao Impediment in financial closure
Rpys Construction time impediment
Rpso Intricacy of design and construction
Rps; Flaws in design
Rpss3 Construction technology risks
Rpss Quality risks
Rpsy Inadequate dedication from public/private sector
Rps: Inadequate distribution of accountability and risk
Rps; Inconsistency between project parties
Rpss Strikes

The measurement of project risks was carried out using
construction cost overruns. There are several exogenous risk
independent variables and the construction cost overrun is the
dependent variable. If the Y value increases, it is assumed that
the risk price has increased along with construction risks.
Hence, there is a price that a stakeholder would charge to bear
all risks. Furthermore, it may also be suggested that if the ¥
value increases, the exogenous risks are proved to be
significant. The risk bearer can bear all risks if the suitable
price has been identified.

V. RESULTS

With the help of multiple regression, the proxy variable
(dependent variable) value can be predicted. The value used is
that of the endogenous risk factors (independent variables).
Tables II and III show the multiple regression analysis outputs
extracted from the SPSS software. These results indicate that
there is an effect of almost all endogenous risk factors since
their p-values are below 0.05. On the other hand, the common
alpha level is 0.05 and the p-value for RP,s (0.054) and RP»
(0.052) are a little higher, which is why it can be stated that
they are not statistically significant. These p values do not fit
the range which is relevant for the current research assumption
part of the equation. For each of the risk impact events, the
coefficient magnitude can be observed in Table I. The highest
level of positive effect upon cost overrun is observed in Table
Il for RP;. It can also be observed that there are mostly
negative endogenous risk event impact coefficients. Hence, it is
stated that low-cost overruns would occur if there is a high
influence of risk events. The generated model statistics are
presented in Table III. It is observed that the endogenous
multiple regression model includes 16 risk impact events with
R’=0.902 and p<0.05. Therefore, the results indicate that in
both models, significant variations are present within the data
set of the risk impact events.

TABLE II. ENDOGENOUS MODEL REGRESSION RESULT
Unstandardized Standardized
Factor coefficients coefficients t Sig.
B Std. error Beta

(Constant) 0.161 0.036 4.463 10.000
Rp3s -0.145 0.074 -0.123 -1.969 |0.054
Rpyy 0.218 0.110 0.135 1.993 [0.052
Rps; -0.169 0.063 -0.170 -2.679 0.010
Rpss -0.433 0.069 -0.385 -6.293 |0.000
Rpss 0.378 0.078 0.290 4.863 0.000
Rp;s; 0.192 0.063 0.147 3.028 [0.004
Rpyw -0.311 0.104 -0.183 -2.994 0.004
Rpys 0.746 0.067 0.693 11.151 |0.000
Rpso 0.414 0.083 0.381 4.968 0.000
Rps: -0.173 0.074 -0.175 -2.347 (0.023
Rps3 -0.302 0.088 -0.220 -3.440 |0.001
Rpss 0.640 0.125 0.440 5.140 10.000
Rpsy -0.317 0.098 -0.218 -3.242 (0.002
Rpe:i -0.224 0.077 -0.193 -2.907 |0.005
Rpes 0.339 0.086 0.242 3.933 |0.000
Rpss -0.337 0.125 -0.206 -2.698 [0.009

Dependent variable ¥: Rp,, = construction cost overrun

Table III indicates that the p-value is lower than 5%, and
the model explains quite a strong supposition against the null
hypothesis since p<1%.
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TABLE III. INTEGRATED MODEL REGRESSION
R . Std. error of the Change Statistics ST
estimate R* change | F change | dfl | df2 18-
change
0.962| 0.902 0.0621433 2.653 39.741 |16 | 51 | 0.000

Predictors: (Constant), RP2g, RP2g, RP33, RP3s, RP36, RP37, RP4g, RPys, RPsg, RPsy, RPs3, RPsg, RPso,
RPg1, RPe3, RPe4

The central alterations of the dependent variable with the
independent variable for each unit of change are represented
by its regression coefficient. The rest of the model predictors
have been kept constant. Within a flawless environment, the
predictors can be measured using the same reliability levels.
Hence, using the unstandardized coefficients, the predictor
variable weights present in Table II were applied upon (3):

Yendogenous = 0-161-0.145% Rp,g +0.218% Rp,y —0.169%
Rpa3—0.433%Rp3s+0.378%Rpsg-+0.192%Rpsy—0.311%Rp,0+0.7
46% Rpys +0.414% Rpgy —0.173% Rps; —0.302% Rpg; +0.640%
Rpsg —0.317%Rpsg —0.224%Rp,, +0.339%Rpgs —0.337Rpg,+
0.036 0>7>l (4)

The approximations for the theoretical and observed data
and the reference line can both be seen in the exogenous risk
impact event P-P plot. The reference line and the observed
data are quite close which indicates that the observed data and
the derived equations are extracted from the same population
and similar distributions (Figure 2).

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: CostOverrunRP44
10

Expected Cum Prob

0. T T T
00 02 04 06 08 10
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Fig. 2. Endogenous risks P-P plot.
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Fig. 3. Endogenous model - risk cost output - probability density/
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Fig. 4. Endogenous model - risk impact output - probability density /
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VI. DISCUSSION

With the help of the literature review, we have been able to
extract the risk influence upon the PPP projects in a systematic
manner. Using a theoretical base, the classification has been
carried out in terms of risk type, risk source, and project
environment (internal or external). Several variables influence
the project-specific risk events, including project company
effectiveness, project stakeholder relationships, and many
more. However, construction risk parameters like inaccurate
estimates and others are responsible for the development of
internal risk events. After a thorough analysis of the literature,
a risk impact event list was created, even though the literature
did not shed light on cost overrun and risk event relationship
which was investigated through models. The risk event
relationship models can be efficiently presented through
multiple regression procedures. This regression analysis
technique is adequate and able to state the relationship between
the independent and dependent variables using the observed
behavior that is stated by the statistically measured
relationships. Hence, regression models were developed using
multiple regression analysis. These models helped to identify
the classified risk event influence where the independent
variable is cost overrun. The F-statistic (Sig.<0.01)
“significance” value was presented using the ANOVA tests
which indicate that the significance of the developed regression
models is at a 99% confidence level. Hence, the results indicate
that the developed models are acceptable. Even though the
ANOVA tests proved to be useful for testing the developed
model and its ability to analyze the variations present in risk
event data, it is still not able to indicate the level of relationship
among the proxy variable and risk events. Therefore, the
coefficient of determination (R?) is used to measure the
relationship strength. It should be noted that the current
research does not include several risk events that might
influence the final results in other circumstances.

VII. CONCLUSION

Cost overrun is mostly caused by uncertainties within the
environment of a construction project. In the current research,
analysis has been carried out upon the interdependency and
association among risk constructs, exogenous risk constructs,
and risk outcomes. The acquired multiple-regression equations
state the relationship among risk constructs. The Monte Carlo
simulation helps model the risk construct while keeping in
mind its stochastic nature. According to the results, (Figures 3-
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4), 17 SR is the cost with the minimum risk impact of 0.025
and 892 SR is the cost with maximum risk impact of 0.776.
Further analysis must be carried out upon the relationship
among exogenous and endogenous risk variables to help
enhance the extraction of the risk impact amplification because
of the active interdependency among system factors along with
the output results and system input factors.

Many construction projects are completed over budget and
over time. The presence of uncertainties, inherent in
construction projects’ environment, plays an essential role in
construction cost overrun. This research has addressed the vital
issue of interdependency between risk constructs and risk
consequences. The interaction between the risk constructs is
captured using multiple regression equations. The stochastic
nature of the risk constructs was modeled. There is a need to
further investigate the interaction between risk factors in order
to increase the detection of any amplification of risk impacts
due to the dynamic interdependency within system variables
and between the system input variables and output outcomes.
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